Although most of investigations showed that nitrogen fertilizers gave substantial rapeseed yield increases even in diverse and contradicting conditions but in a few studies were focused on genetic parameters of nitrogen stress effects. Combining ability of some of important grain yield stress indices based on application and non application of nitrogen (N+ and N0) was studied using half diallel of six spring rapeseed varieties and their 15 F2 progenies. Significant mean squares of general and specific combining abilities (GCA and SCA) were observed for potential yield(Yp), Stress yield(Ys), mean productivity (MP), geometric mean productivity (GMP), tolerance index (TOL), stress tolerance index (STI) and stress susceptibility index (SSI), indicating importance of additive and non-additive genetic effects for them. Non significant ratio of GCA to SCA mean square and low narrow-sense heritability estimates were detected for all the indices, indicating the prime importance of non-additive genetic effects. Significant positive GCA effect of Yp, Ys, MP, GMP and STI for PF7045/91 and significant negative GCA effects of them for Option500, indicated the same direction of GCA effects of these indices and GCA effects of Yp and Ys. On compare to SCA effects, most of crosses had significant high parent heterosis for Yp, Ys and and all the stress indices, therefore selection the better combinations based on heterosis will be more effective than SCA effect.
INTRODUCTION
Brassica species especially Brassica napus have important role in oil seed production because of their wide adaptation to different climatic conditions (Downey and Rimer 1993 ) . Profitable canola production relies heavily on adequate plant nutrition, which in turn is affected by manage-DOI: 10.2478/v10129-011-0045-7 ment of soil fertility. In addition, the nutritional level of the plant will affect the crop response to stress factors such as disease and adverse weather condition (Rathke and Diepenbrock 2005) . A number of investigations showed that nitrogen fertilizers gave substantial rapeseed yield increases even in diverse and contradicting conditions (Maroni et al. 1994 and Sieling and Christen 1997) . However, fertilizer nitrogen requirements can differ significantly according to soil type, climate, management practice, timing of nitrogen application and cultivars used (Fageria and Baligar 2005; Holmes and Ainsley 1977; Kalkafi et al. 1998; Rathke et al., 2005) . A great variation in nitrogen uptake in rapeseed has been reported (Holmes 1980) . Colnenne et al. (1998) proposed that rapeseed has a higher critical N demand for biomass formation than wheat. Although most of investigations showed that nitrogen fertilizers gave substantial rapeseed yield increases even in diverse and contradicting conditions but in a few studies were focused on genetic parameters of nitrogen deficiency effects.
Most of the studies based on diallel and other genetic designs showed significant GCA and SCA effects for yield and its component characters indicating that both additive and non-additive gene action were important in the inheritance of these traits (Amiri-Oghana and et al.,.2009; Brandle and McVetty 1989; Cheema and Sadaqat 2004; Cho and Scott, 2000) . For those traits that are controlled by additive gene action, simple selection in early segregating generation is suggested, whereas for those traits controlled by non-additive gene action selection in later segregating generation would be more effective (Kearsey and Pooni1996; Mhater and Jinks 1982; Singh and Chaudhary 1985) . Although F1 data of diallel crosses is mostly used to estimate the genetic parameters in Griffing's method (1956) , but it is usually difficult to obtain sufficient F1 seeds especially for multi location testing in B. napus L. Due to production of large quantity of F2 seeds, many researchers use F2 generation for diallel analysis to estimate of combining abilities (Amiri-Oghana and et al.,.2009; Cho and Scott, 2000) . These researchers all reported that F2 diallel analysis provide reliable and better information than F1 generation. Multi locations or conditions testing of GCA and SCA effects and other genetic parameters will reveal the stability of theses parameters for selection criteria (Kearsey and Pooni1996; Mhater and Jinks 1982 ) . Earlier breeders concluded in their research that with the changes in environment gene effects for different traits contributing to yield or yield itself changes in rapeseed ( B. napus L.),therefore for different environment one has to suggest different selection criteria for the improvement in the yield (Cheema and Sadaqat, 2004; Thakur and Sagwal, 1997) .
Several yield-based stress indices have been developed that may be more applicable to work on environmental stress tolerance such as drought tolerance (Cheema et al. 2004; Clark et al. 1992) , salinity tolerance (Rameeh and et al. 2004 ) and temperature tolerance (Porch and Jahn, 2001) . In order to obtain selection criteria based on stress and non-stress environments, some selection criteria including geometric productivity (GMP), stress intensity (SI), (Fisher and Maurer 1978 ) , stress tolerance index (STI), (Fernandez, 1993) ,mean productivity (MP) and tolerance index (TOL), (Rosielle and Hamblin 1981) were defined. The range of SI estimates are between zero and one and the larger value of SI, indicates the more severe of stress intensity. A larger value of TOL represents relatively more sensitivity to stress, thus a smaller value of TOL is favored. The higher value of MP, GMP and STI for a genotype indicates its stress tolerance and yield potential. The stress susceptibility index (SSI) (Fisher and Maurer 1978 ) is a ratio of genotypic performance under stress and non-stress conditions, adjusted for the intensity of each trial, and has been found to be correlated with yield and canopy temperature in wheat (Rashid et al. 1999) . In addition, deviations from the regression of stressed on non-stressed yield have been used to identify lines with stress tolerance in bean (Beebe et al. 1997 , Smith 2004 . Saba et al., ( (2001) reported that the stress indices including GMP, MP and STI were highly correlated with each other as well as with Ys and Yp, therefore through these indices it is possible to distinguish high yielding genotypes in either condition. Rezai and Saeidi(2005) reported significant GCA , SCA and high parent heterosis effects for STI and TOL related to Shoot dry weight of rapeseed in early stage of growth.
Although diallel analyses are frequently used in rapeseed breeding to assess genetic parameters for yield associated traits and yield-based stress indices but in a few studies were focused on nitrogen deficiency stress effects and its stress indices. The objectives of this study were therefore (i) to evaluate whether F 2 rapeseed hybrids utilize nitrogen more efficiently than pure lines at low and high N levels, (ii) to identify general and specific combining abilities for nitrogen deficiency stress indices among a set of adapted cultivars and (iii) relation ship among nitrogen stress tolerance indices and grain yield mean of rapeseed cultivars and their F 2 progenies at nitrogen application (Yp) and non application of nitrogen(Ys) environments.
MATERIALS AND METHODS
Six spring rapeseed (B. napus L.) cultivars including RGS-003, Option500, RW008911, RAS-3/99, 19H and PF7045/91 were crossed in half diallel method during 2004-05. In order to produce F 2 progenies, fifteen F 1 s were selfed at Biekol Agriculture Research Station, located in Neka, Iran (13°53 ′ E longitude and 43°36 ′ N latitude, 15 m above sea level) during winter 2005-06. F 2 progenies and 6 parents were grown in a randomized complete block design with four replications at two experiments including N 0 : without nitrogen as stress condition and N + : 150 kg nitrogen per hectare as non stress condition during 2006-07. The plots related to each ex-periment were consisted of four rows 5 m long and 40 cm apart. The distance between plants on each row was 5 cm resulting in approximately 400 plants per plot, which were sufficient for F 2 genetic analysis in each experiment. The soil was classified as a deep loam soil (Typic Xerofluents, USDA classification) contained an average of 280 g clay × kg -1 , 560 g silt × kg -1 , 160 g sand × kg -1 , and 22.4 g organic matter × kg -1 with a pH of 7.3. Soil samples were found to have 45 kg × ha -1 (mineral N in the upper 30-cm profile. Fertilized experiment (N + ) received 150 kg × ha -1 N as Urea (50 kg N at planting time, beginning of stem elongation, and at initial of flowering stage ) while unfertilized experiment (N 0 ) received no N. All the plant protection measures were adopted to make the crop free from insects. Seed yield (adjusted to kg/ha) was recorded based on three middle rows of each plot.
The stress tolerance indices were determined using the equations including stress intensity (respectively):
SI=1-(µs/µp), tolerance index:
TOL=Yp-Ys, stress susceptibility index: Analysis of variance for the crosses and their parents was based on Griffing's method 2, model 1 for fixed genotypes (Griffings, 1956 ).The analysis was performed using the diallel-SAS program written by Zhang and Kang (1997) .
A t-test was used to test whether the GCA and SCA effects were different from 0. For each hybrid and each stress tolerance index, the difference between hybrid and the mean of high parents was computed. A least significant difference (LSD) was used to test whether these differences were different from 0 (Mather and Jinks 1982) .
RESULTS
Half diallel analysis of Griffing's method revealed significant GCA and SCA mean squares for grain yield at N + (Yp) and N 0 (Ys) and also grain yield-based stress indices including MP, GMP, TOL, STI and SSI ( Table  1) , indicating importance of additive and non-additive genetic effects for them. Non-significant GCA to SCA mean square and low narrow-sense heritability estimates for these stress tolerance indices the prime importance of non-additive genetic effects for the stress indices. * and ** -significant at 0.05 and 0.01 probability levels, respectively. GCA -general combining ability. SCA -specific combining ability. Yp and Ys -grain yield at N+ and N0, respectively, MP -mean productiity. GMP -geometric mean productivity. TOL -tolerance index, STI -stress tolerance index and SSI -stress susceptibility index
Significant positive GCA effect of Yp, Ys, MP, GMP and STI were observed for PF7045/91 (Table 2) , so this parent has broad base genetic for increasing seed yield. Option500 had significant positive and negative GCA effect for SSI and STI, respectively but non of the parents had significant GCA effect of TOL, indicating among the yield-based stress indices TOL had less efficiency for differentiation of GCA effect. Significant positive correlation was observed between GCA effect of Yp and grain yield mean of parents at N+ (0.95**) and also for GCA effect of Ys and grain yield mean of parents at N 0 (0.94**). Due to low amount of TOL and SSI is tolerance to stress environment, significant positive correlation was exhibited between GCA effects of these two stress indices and there was not significant correlation between GCA effect of TOL and GCA effects of any other stress tolerance indices. ** -significant at 0.01 probability levels. Yp and Ys -grain yield at N+ and N0, respectively. MP -mean productivity. GMP -geometric mean productivity. TOL -tolerance index, STI -stress tolerance index and SSI: stress susceptibility index Significant SCA effect of Ys and Yp were found for Option500 × PF7045/91 and RAS3/99 × RW008911 (493.47** and 411.34* respectively). Significant positive SCA effect of Yp was detected for the crosses including RAS-3/99 × RW008911 and Option 500 × PF7045/91 but for Ys fifty percentage of crosses had significant positive SCA effect (Table 3) . Most of crosses had significant SCA effect for MP and GMP but for TOL only 19H × RGS 003 had significant SCA effect and also this cross had significant negative SCA effect for Ys, MP, GMP, and SSI. Due to low amount of TOL indicating high stress tolerance, So RGS003 × PF7045/91 with significant negative SCA effect is the best combination based on tolerance index and this cross had the least mean of TOL (Table 5) . * and ** -significant at 0.05 and 0.01 probability levels, respectively. Yp and Ys -grain yield at N+ and N 0 , respectively. MP -mean productivity.GMP -geometric mean productivity. TOL -tolerance index, STI -stress tolerance index and SSI -stress susceptibility index Significant positive of high parent heterosis of Yp and Ys were observed for the crosses including 19H × Option 500 and RAS-3/99 × RW008911 and also these crosses had significant positive of high parent heterosis for the MP, GMP and STI (Table 4) . Although most of the crosses had significant positive of high parent heterosis for Ys but only two crosses had had significant positive of high parent heterosis for Yp. Most of the crosses with significant positive SCA effect for MP, GMP and STI had significant positive of high parent heterosis for these stress tolerance indices. Most of crosses had significant negative heterosis for SSI and these crosses can be considered as stress tolerant genotypes. * and ** -significant at 0.05 and 0.01 probability levels, respectively. Yp and Ys -grain yield at N+ and N0, respectively. MP -mean productivity.GMP -geometric mean productivity. TOL -tolerance index, STI -stress tolerance index and SSI -stress susceptibility index Non-significant ratio of GCA to SCA mean square and low narrow-sense heritability estimates for Yp and Ys and all the related stress indices indicating the prime importance of non-additive genetic effects for Yp and Ys and all the stress indices, therefore Yp and Ys and all the stress indices must be improved based on hybridization method mainly using cytoplasmic male sterility (CMS). Most of the studies based on diallel and other genetic designs showed significant GCA and SCA effects for yield and its component characters indicating that both additive and non-additive gene action were important in the inheritance of these traits (Amiri-Oghana and et al.,.2009; Cheema and Sadaqat 2004; Cho and Scott, 2000) . Also when SCA effects are predominant in selfpollinated crops, the major portion of the variability then, is due to additive × additive genetic effects or divergence among progenies in the same parental array, therefore, selection should be delayed to later generations (Kearsey and Pooni1996; Mhater and Jinks 1982) .
Significant GCA effect of Yp, Ys, MP, GMP and STI were observed for two parents (Option500 and PF7045/91 with significant negative and positive GCA effects, respectively), so the efficiency of all these stress indices of GCA effect for grain yield are the same. Based on all the stress indices GCA effect, the parent PF7045/91 was considered more nitrogen deficiency stress tolerant than the other parents. Significant positive correlation was observed between GCA effect of each stress index and its respective mean except for TOL, indicating selection based on GCA effect of these stress indices make improve of their respective means. Saba et al., ( (2001) reported that the stress indices including GMP, MP and STI were highly correlated with each other as well as with Ys and Yp, therefore through these indices it is possible to distinguish high yielding genotypes in either condition.
Most of crosses had significant SCA effect for Ys, therefore selection of crosses based on SCA effects will be more efficient for grain yield at N0 than N+. SCA effects of MP, GMP and STI were more affected form the SCA effect of Ys than Yp and most of the crosses had significant SCA effect for these stress indices. The crosses including RAS-3/99 × RW008911, RAS-3/99 × RGS 003, 19H × PF7045/91 and Option 500 × PF7045/91 with high amount of Yp and Ys had significant SCA effect for MP, GMP and STI. Although significant positive correlation was found between Yp and Ys for the crosses but there was not significant positive correlation between SCA effect of Yp and Ys. MP and GMP had similar trend of significant SCA effect and also TOL and SSI had similar sign (positive or negative) for all the crosses. Significant positive correlation was found between Yp and Ys for parents (0.91**) but it was not significant(0.31) for the crosses. Significant positive correlation was observed between SCA effect of each stress index and its respective mean except for TOL, indicating selection based on SCA effect of these stress indices make improve of their respective means. Rezai and Saeidi(2005) reported significant SCA effects for STI and TOL related to Shoot dry weight of rapeseed in early stage of growth.
Significant positive of high parent heterosis was observed for most of the crosses at N0 ant it was not significant at N+, so detecting of high parent heterosis for grain yield at N0 is more efficient than N+. On compare to SCA effects, most of crosses had significant high parent heterosis for Yp, Ys and and all the stress indices, therefore selection the better combinations based on heterosis will be more effective than SCA effect. Most of the crosses with significant positive of high parent heterosis for Ys had significant positive heterosis for MP, GMP and STI. On the contrary of SCA effect most of the crosses had significant high parent heterosis for SSI. In general most of genetic parameters related to grain yield and its stress indices were more efficient at N 0 . Rezai and Saeidi(2005) reported significant high parent heterosis effects for STI and TOL related to Shoot dry weight of rapeseed in early stage of growth.
CONCLUSION
Most of crosses had significant SCA and high parent heterosis effect for Ys, therefore selection of crosses based on SCA effects will be more efficient for grain yield at N0 than N+. Significant positive correlation was found between Yp and Ys for parents but it was not significant for the crosses, indicating different amount of heterosis in N+ and N0. Significant positive correlation was observed between SCA effect of each stress index and its respective mean except for TOL, indicating the less efficiency of TOL than the other stress indices.
